We present our approach to management of awake craniotomy for epilepsy surgery for an adolescent. The importance of patient selection and preoperative preparation is stressed. Anaesthetic management included regional scalp block and preincisional surgical infiltration of local anaesthetic and light sedation with propofol, fentanyl and midazolam. The patient remained responsive to voice for all but a small part of the procedure.
Anaesthetic techniques for awake craniotomy for epilepsy surgery 1,2 and tumour resection 3 have been described. In previous descriptions, children and adolescents [1] [2] [3] [4] [5] [6] have been heavily sedated or under general anaesthesia up until the point of cortical mapping and brain tissue resection. We describe a 15year-old boy who had epilepsy surgery under light sedation to remove a dysplastic lesion adjacent to the speech and motor cortex.
HISTORY
A 15-year-old boy (weight 74 kg) had medically resistant frontal lobe epilepsy, which began at age five years. The seizures were partial complex in type, occurring in clusters, with violent, frenetic automatisms characteristic of frontal lobe attacks. Videoelectroencephalographic (EEG) monitoring confirmed the clinical suspicion of left frontal lobe origin. Magnetic resonance (MR) imaging showed focal cortical dysplasia in the left frontal lobe, involving predominantly the cortex and deep white matter of the inferior frontal sulcus and middle frontal gyrus, adjacent to the expressive speech and face motor cortex. Functional MR of expressive language had shown activation around and inferior to the lesion. As the lesion was deep to the convexity of the frontal lobe, seizures were infrequent, and inter-ictal EEG showed no abnormality, it was decided that extraoperative EEG monitoring and cortical mapping with subdural electrodes was not suitable. Awake craniotomy with intraoperative language mapping was recommended.
In addition to the standard preanaesthetic assessment, the procedure was explained in detail to the patient and his family. Neuropsychological assessment confirmed an average level of intellectual functioning and a protocol was developed for intraoperative language mapping. This was followed by two visits to the operating theatre and a meeting with all staff who were to be present during the procedure.
Prior to surgery, a plan was developed by the neurosurgeon, neurologist and anaesthetist, in case the surgery, once begun, was unable to proceed. In the event of a seizure, prolonged coughing or vomiting while the patient was immobilized in a skull clamp, it was planned to give a bolus of propofol through the cannula in the foot and place a size 3 laryngeal mask airway, or endotracheal tube in the event of vomiting. Electrocorticography and frameless MR stereotaxy would then guide resection of the lesion, but with less confidence in sparing the language cortex than in awake intraoperative language mapping.
Preoperatively the patient had a suitable venepuncture site prepared with topical amethocaine gel, and he was accompanied by his mother to the anaesthetic room for the initial intravenous (IV) cannulation (22 gauge) and sedation. He was sedated with midazolam (2 mg IV), fentanyl (25 µg IV boluses, up to a total of 150 µg) and propofol (20 mg IV boluses up to a total of 300 mg). Initial monitoring was with pulse oximetry. A size 7.0 nasopharyngeal airway was inserted and oxygen was administered via nasal prongs. A nasal prong was used for end-tidal carbon dioxide monitoring. A further two IV cannulae were inserted (16 gauge and 22 gauge). The 22 gauge cannula was placed in the patient's foot and was not connected to an IV infusion, but firmly secured for use in the event of a seizure. An infusion of Hartmann's solution was commenced via the other cannula. A right radial arterial cannula and a urethral catheter were inserted. The scalp was anaesthetized by supraorbital, supratrochlear, greater occipital, lesser occipital and auriculotemporal nerve blocks 7 , using a total of 10 ml 0.25% bupivacaine.
A propofol infusion was commenced and gradually increased until the patient would rest quietly but respond to his name with eye-opening. The maximum infusion rate was 100 mg/h (1.35 mg/kg/h). He was placed supine with his head slightly flexed and turned to the right. Further infiltration of the scalp with 10 ml 0.25% bupivacaine with 1:400,000 adrenaline preceded placement of the three-pinned headrest. The patient complained of pressure in his head, but not pain, on pin placement.
The operative area was prepared and draped, in order to provide the patient with a horizontal visual field of approximately 135° and to allow good airway access. Both the neuropsychologist and anaesthetist had good access to the patient. Neither wore masks, ensuring good face to face communication. Prior to the first incision the scalp was infiltrated with a further 25 ml 0.5% bupivacaine with 1:200,000 adrenaline. No changes to sedative level were made and there was minimal patient response to skin incision. Cephazolin 1 g, dexamethasone 6 mg, ondansetron 4mg and mannitol 25 g were administered.
A left frontotemporal flap was raised, following which the propofol infusion was stopped. Initially, the patient was disorientated and distressed and expressed a desire for the procedure to stop. The propofol infusion was recommenced at a rate of 200 mg/h (2.7 mg/kg/h) and further boluses of 1.5 mg of midazolam and 25 µg of fentanyl were given. This caused a brief period of unconsciousness, however there appeared to be minimal respiratory depression. The propofol infusion was ceased after five minutes and he was allowed to awaken. He now wanted the surgery to continue.
There was no discomfort on dural opening. Frameless stereotaxy was used to locate the dysplastic region of the frontal cortex. Electrocorticography was performed and the sensory/motor face area and expressive speech areas were mapped with bipolar stimulation. Throughout the awake stage of the procedure the patient was encouraged by the neuropsychologist to talk about a range of topics familiar and interesting to him, and in this way the quality of his speech production was closely monitored. There was disturbance of speech fluency when the speech cortex was stimulated. Expressive language was normal throughout most of the procedure but fluency deteriorated significantly towards the end, corresponding to resection of the posterior margin of dysplastic tissue close to the eloquent language cortex. The dysplastic area was 90% excised, sparing the area associated with dysphasia on stimulation and attempted resection. Towards the end of wound closure the patient became uncomfortable with his position on the table and the propofol infusion was restarted at 1.35 mg/kg/h. This was continued for approximately 30 minutes. By the time dressings were applied the patient wanted to walk out of the operating theatre.
Motor function was normal in the recovery room, however he had some mild expressive dysphasia, which worsened over the first postoperative day. This persisted for about two weeks, then resolved completely, most likely being due to cerebral oedema around the excised region. Otherwise, recovery was uneventful, the patient being discharged 10 days later. Follow-up has demonstrated a significant reduction in frequency and severity of seizures. MR imaging shows residual dysplasia in the region close to the language cortex, where intraoperative dysphasia occurred and the resection halted. The patient recalls the procedure in a positive way and has no apparent adverse psychological sequelae. He and his family regard the surgery as a success.
DISCUSSION
The main consideration in epilepsy surgery is to remove the epileptogenic region and the structural pathology with preservation of surrounding functional brain tissue. In this case it was felt that frameless stereotactic localization of the lesion and awake cortical stimulation maximized resection of the lesion with preservation of speech and facial movement, better than would have been achieved with extraoperative subdural monitoring and mapping. The frameless stereotactic system requires the patient's head to be immobilized in a skull clamp. This presented a number of potential problems in an awake patient (as required for interpretation of cortical stimulation) including (1) pain and discomfort from the clamp, (2) the possibility of a violent seizure, vomiting or coughing while the head was fixed in the clamp, (3) claustrophobia from the drapes, and (4) discomfort from lying immobilized for over four hours. Any pharmacological treatments to minimize these problems must also minimize the risk of airway obstruction and hypoventilation from deep sedation or uncontrolled general anaesthesia, leading to hypercarbia and raised intracranial pressure (ICP).
It was decided that the best way of dealing with these problems was to use generous amounts of local anaesthesia (up to 2 mg/kg of bupivavaine) to the scalp and by keeping the patient as alert and cooperative as possible. Before the availability of propofol, neuroleptanaesthesia was the most commonly used technique for awake craniotomy in children and adolescents 2 . More recently propofol has been used in combination with opioids and/or benzodiazepines 1, 3 . In these cases propofol has been administered at a rate of 6 to 12 mg/kg/h (100 to 200 µg/kg/min) up until the time of cortical mapping. This infusion rate is in the range of general anaesthetic doses 8 rather than true sedation. In our case, propofol was given at 1.35 mg/kg/h (22 µg/kg/min) for most of the procedure with a brief period of 2.7 mg/kg/h (44 µg/kg/min). This falls into the range of conscious sedation 8 and indeed, the patient responded to voice throughout the procedure, except for the brief period at the higher infusion rate. Having the patient awake for almost all of the procedure helped to ensure an adequate airway and a cooperative patient. A nasopharyngeal airway provides extra airway support if sedation needs deepening and allows a route for end-tidal carbon dioxide monitoring.
A 16% incidence of intraoperative seizures in patients undergoing surgery for epilepsy has been reported 2 . A dedicated intravenous cannula for seizure control in the event of a convulsion or violent complex partial seizure, is important. This cannula should not be attached to any infusions as this may predispose to traction and removal of the cannula should seizures occur.
Nausea and vomiting were reported in 8% of Archer's series of 354 patients 2 . This may be due to a number of factors including dural traction, opioids, cortical stimulation or pain and discomfort. The consequences of vomiting whilst in a pinned headrest include pain, cervical trauma, raised intracranial pressure and aspiration, because the patient is unable to turn his or her head. Propofol, ondansetron, midazolam and dexamethasone may all have contributed to the absence of emesis in our patient.
Patient selection and preparation are very important. This boy was highly motivated and cooperative. He had a number of meetings with those involved in his perioperative care and visits to the operating theatre where he was familiarized with the planned procedure, including lying on the operating table. A younger patient may be able to tolerate awake craniotomy but would have to be judged to be sufficiently mentally and emotionally mature. As outlined by Tobias 3 , theatre layout is important to provide adequate airway access and patient comfort.
Raised ICP can be a difficult intra-operative problem during awake craniotomy, although it is unlikely to be caused by cortical resection for epilepsy. Excessive sedation may exacerbate intracranial hypertension by increasing P a CO 2 which is difficult to control as ventilation cannot be easily manipulated by the anaesthetist in these cases. In our patient, mannitol and dexamethasone were given prior to the opening of the dura.
In conclusion, this case demonstrates that craniotomy with minimal sedation is possible in an adolescent. This technique has the advantage of allowing intraoperative mapping in patients undergoing epilepsy or tumour surgery involving functionally crucial regions of the cortex. Careful patient selection and preparation, and development of plans to deal with potential intraoperative complications are important factors in achieving a successful outcome.
